Abstract: The efficacy of ultrasound in removing cast metal posts was evaluated in this in vitro study using one or two ultrasound units and ultrasonic vibration for various lengths of time. The crowns of 30 healthy maxillary canines were removed, the roots were embedded in acrylic resin blocks, and the root canals were treated endodontically. The canals were prepared and their impressions were taken with self-curing acrylic resin. After casting with copper-aluminum alloy, the posts were blasted with aluminum oxide and cemented with Panavia F resin cement. The specimens were divided into five groups. In groups I and II, only one ultrasound unit was used for 30 and 60 s, respectively; in groups III and IV, two ultrasound units were used simultaneously for 30 and 60 s, respectively; in group V, ultrasound was not used (control). Ultrasonic vibrations were applied with an Enac OE-5 ultrasound unit and an ST-09 tip. All samples were subjected to traction on an Instron machine (model 4444) at a crosshead speed of 1 mm/min. Analysis of the results revealed a statistically significant difference between the groups (ANOVA, P < 0.01); however the difference between groups II and IV was not statistically significant. The efficacy of ultrasound in removing intraradicular posts was confirmed, and the most effective technique was the use of two ultrasound units, independent of the length of time ultrasound was applied. (J. Oral Sci. 47, [117][118][119][120][121] 2005) 
Introduction
It is necessary to remove intraradicular posts when their length or diameter is inadequate and compromises their retention, or when the apical seal of the obturation is imperfect. Either of these two factors may result in treatment failure (1) .
Intraradicular posts are usually used in weakened teeth with little remaining coronal structure. Therefore, post removal requires special care and techniques to prevent root fracture or perforation. A number of techniques and instruments have been recommended for post removal, such as a post extractor (2,3), a post puller (4), a Gonon postpulling system (5, 6) , the Masserann technique (7), hemostats (8) and burs to drill the post. These methods and procedures, although effective in removing intraradicular posts, may occasionally fracture the root, remove too much dental structure, or perforate the root.
Several authors (9) (10) (11) (12) have suggested the use of ultrasound alone or in combination with other techniques to make this procedure safer. Ultrasound is a mechanical form of energy: high-intensity ultrasonic vibrations are generated in the ultrasound unit and transferred to the metal post to break the cement layer between the post and the canal wall. According to Berbert et al. (13) , removal of the post is easy once the cement is broken. Garrido et al. (14) have demonstrated the efficacy of ultrasonic vibrations for removing posts. They also showed that cooling affects ultrasound efficacy depending on the type of cement used to lute the metal posts. They reported that, when the posts had been fixed with resin cement, the use of ultrasound with irrigation did not reduce the force Original required for removal.
The objective of this in vitro study was to evaluate the efficacy of ultrasound in removing cast metal posts when one or two ultrasound units were used for different lengths of time.
Materials and Methods
Thirty human maxillary canines were selected from the University of Ribeirão Preto Dental Research Laboratory according to morphology and the size of their roots: straight single canal and root, with no unusual morphology.
The teeth were sectioned transversally at the cementoenamel junction with a carbide disc under air-water cooling to standardize the length of the roots to 13 mm; their crowns were discarded. The roots were centralized vertically in aluminum cylinders and fixed with self-curing resin up to 1 mm from the edge of their cervical portion.
All roots were endodontically treated. The working length was established at 12 mm, which was 1 mm from the apex. The root canals were prepared using the crowndown technique, and the apical foramen was enlarged to fit a # 50 Kerr file (Dentsply-Maillefer, Ballaigues, Switzerland). The canal was irrigated with 1% sodium hypochlorite during instrumentation. After instrumentation, the canals were irrigated with 10 ml distilled water, aspirated with metal suction tips, and dried with paper points.
All canals were obturated with laterally condensed gutta-percha cones (Dentsply-Herpo, Petrópolis, Brazil) and Sealer 26 cement, which contains calcium hydroxide and bismuth oxide agglutinated with bisphenol-epoxybased resin (Dentsply-Brasil, Petrópolis, Brazil). Excess cement was removed with a heated Paiva plugger. The pulp chamber was cleaned and the root canal opening was sealed with Coltosol temporary cement (Vigodent, Rio de Janeiro, Brazil). After root canal obturation, the specimens were stored at 37˚C for 72 h. The temporary cement was subsequently removed. Heated condensers were used to remove up to 5 mm of the obturation.
Post spaces (8 mm long) were prepared with a # 6 Largo bur (1.7 mm in diameter) in a low-speed handpiece attached to a parallelometer to ensure that the preparations were parallel to the long axis of the roots and to maintain a standardized diameter. After preparation, the canals were irrigated with distilled water and dried with paper points. Root canal impressions were taken with Duralay selfcured acrylic resin (Reliance Dental Mfg, Worth, IL, USA) and Pinjet prefabricated polycarbonate posts (Angelus Odontológika, Londrina, PR, Brazil). A ring was attached to the core to facilitate attachment to the Instron 4444 Universal testing machine (Instron Corporation, Canton, MA, USA) for the tension test.
After casting in copper-aluminum alloy (Goldent L.A., Comercial Importação e Exportação., São Paulo, Brazil) and aluminum oxide blasting, the cast post and core were adjusted to the root canals. The post was 8 mm long, the core was 5 mm, and the ring to be attached to the Instron machine for the tension test was approximately 8 mm in diameter.
All posts were cemented with Panavia F resin cement (Kuraray, Osaka, Japan) according to the manufacturer's instructions. First, the root canals were irrigated with distilled water and dried with paper points and air. Equal amounts of ED primer from flasks A and B were mixed for five seconds and applied to the dentine with a Microbrush point (Dentsply, Rio de Janeiro, Brazil). After 60 seconds, a mild air jet was applied. Equal amounts of base and catalyst pastes were mixed for 30 seconds with a plastic spatula.
The cement was introduced into the post space using a spiral lentulo; the posts were coated with cement, inserted into the post space, and kept under constant finger pressure for 60 s. Excess cement was removed from the edges with a disposable brush. Each surface of the core (buccal, lingual and proximal) was light-cured for 30 s at the cementation line for a total of 2 min. After light-curing, Oxyguard II gel was applied at the cementation line for 10 min and then removed with cotton swabs. Finally, the whole set was washed with air-water spray.
All specimens were stored in distilled water at 37˚C for 72 h, after which they were randomly divided into 5 groups of 6 specimens each: group I -ultrasonic vibration with one unit for 30 s on each surface (buccal, mesial, lingual, distal); group II -ultrasonic vibration with one unit for 60 s on each surface; group III -ultrasonic vibration with two units, for 30 s on two opposed surfaces at the same time (buccal and lingual for 30 s, and mesial and distal for 30 s more); group IV -the same sequence as group III, but for 60 s; group V -no ultrasonic vibration (control).
Ultrasound was applied with Enac OE-5 ultrasound units (Osada Electric, Tokyo, Japan) and ST-09 tips (Osada) perpendicularly to the long axis of the metal post.
All specimens underwent tension tests with an Instron 4444 Universal testing machine. Each specimen was attached to the machine and an increasing tension force was applied to the post at a cross-head speed of 1 mm/min until the post was dislodged from the root canal. The results of tension tests were recorded in megapascal (MPa) and analyzed statistically with ANOVA and the Tukey test.
In the present study, the traction force (F) was related to the post cementation area (A) in order to obtain the tensile strength values (σ, Table 1 The cementation area is equal to the lateral area (LA) added to the base area (BA), since the upper area of the post was not cemented (Fig. 3) . Since the post diameter was 1.7 mm, the height was 8 mm and the post was coneshaped, the final equation was: σ = F / 45 (in MPa). Table 1 and Fig. 1 show the tensile stress values (MPa) necessary to dislodge the intraradicular posts during the tension test using the Instron 4444 Universal testing machine.
Results
Data were subjected to Bartlett's test in order to verify the variances of the samples. The results showed no differences between variances (P = 0.6047), which allowed use of the ANOVA test.
Statistical analysis of the original tension test values using ANOVA showed a significant difference (P < 0.01) between the groups, and Tukey's post-test showed that groups I, II and V (one ultrasound unit used for 30 s and for 60 s, and no ultrasound) were significantly different from each other and also from groups III and IV. The results for groups III and IV (two ultrasound units for 30 s and for 60 s) were statistically similar (Table 1) .
Discussion
There have been many previous reports describing techniques and instruments to facilitate the removal of intraradicular posts. Despite the large number of techniques avaliable, priority has been given to those that carry a lower risk of root fracture and perforation, involve less drilling of the remaining dental structure, and that can be used for both anterior and posterior teeth.
To overcome the difficulties involved in the removal of metal intraradicular posts and to make this procedure safer, ultrasonic vibration has been suggested as an Table 1 Tensile stress values (MegaPascal) necessary to dislodge intraradicular posts according to the number of ultrasound units used and the time ultrasonic vibration was applied to each tooth surface Means followed by different letters are statistically different (Tukey test). Tukey critical value = 0.73135. alternative technique for removal, either alone or in combination with other techniques (9) (10) (11) (12) 14) . The development of improved procedures for currently used techniques is as important as the development of new techniques. The purpose of this study was to evaluate whether the simultaneous use of 1 or 2 ultrasound units for variable amounts of time could reduce the force necessary to remove intraradicular posts.
Comparison of results for the ultrasound groups with those of the group without ultrasound confirmed that ultrasonic vibration reduces the force necessary to remove cast metal posts cemented with Panavia F resin cement independent of the number of units or the time used. These results are in agreement with those reported by Gaffney et al. (9) and Berbert et al. (13) . According to Berbert et al. (13) , the use of ultrasound for 2 and 5 min reduces the force necessary to remove cast metal posts cemented with zinc phosphate by 30-35% when compared to removal of the same type of intraradicular posts without ultrasound. Garrido et al. (14) , however, used resin cement in a similar trial and did not find any statistically significant difference between the group for which ultrasound and irrigation were used and the group for which ultrasound was not used.
Our results revealed that the use of two ultrasound units at the same time is more efficient than the use of only one unit, independent of the length of time. This may be explained by the fact that ultrasound vibrations emitted simultaneously by the two units overlap and produce a physical effect known as constructive interference, which is the sum of the power that each unit would produce individually (Fig. 2) . This effect produced greater weakening of the adhesion of the cement to the dentinal walls and to the metal post, and consequently, a lower force was sufficient for removing the posts.
Our results also showed that an increase in ultrasonic vibration time from 30 to 60 s decreased the force required to remove the posts when only one unit was used (2.7422 Mpa vs 1.8817 MPa). However, when two units were used simultaneously and the time was varied from 30 to 60 s, the decrease in force was not statistically significant.
The increase in ultrasonic vibration time with one unit resulted in greater weakening of the cement interface and a consequent reduction in the value of the force required to remove the posts, in agreement with findings reported by Dixon et al. (11) . The same was not found for the simultaneous use of 2 ultrasound units, which may be explained by the fact that the increase in ultrasonic vibration time from 30 to 60 s when using two units (1.2468 MPa vs 1.0634 MPa) might not have been enough to produce statistically significant differences between the forces necessary to dislodge the post. Future studies should investigate the effect of longer ultrasonic vibration times than those used in this study. 
